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(54) Method for forming a hydrophobic/hydrophilic front face of an ink jet printhead 



(57) Methods are provided for forming a printhead 
nozzle face with regions adjacent the nozzles being hy- 
drophobic to repel ink from the nozzles while peripheral 
regions of the printhead face are hydrophilic to enhance 
ink wicking away from the hydrophobic regions. The 
methods include patterning a hydrophobic coating using 
laser ablation to expose adjacent hydrophilic regions. 
Various printhead embodiments are described which 
provide for enhanced bonding of a high energy film to a 
printhead front face, the surface of the film being selec- 
tively fluorinated to reduce the surface energy in select- 
ed areas adjacent the nozzles. 
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Description 

This invention relates generally to an ink jet printer 
and, more particularly, to a method for forming a front 
ink ejecting face of a thermal ink jet printhead which is 
hydrophobic around the periphery of the ink ejecting 
nozzles and hydrophilic in areas peripheral to the nozzle 
portions. 

There are two general configurations for thermal 
drop-on-demand ink jet printheads. In one configura- 
tion, droplets are propelled from nozzles formed in the 
printhead front face in a direction parallel to the flow of 
ink in ink channels and parallel to the surface of the bub- 
ble-generating heating elements of the printhead, such 
as, for example, the printhead configuration disclosed 
in U.S. Patent Re. 32,572, the disclosure of which is to- 
tally incorporated herein by reference. This configura- 
tion is sometimes referred to as an edge shooter or a 
side shooter. The other thermal ink jet configuration pro- 
pels droplets from nozzles in a direction normal to the 
surface of the bubble-generating heating elements, 
such as, for example, the printhead disclosed in U.S. 
Patent 4,568,953, the disclosure of which is totally in- 
corporated herein by reference. This configuration is 
sometimes referred to as a roofshooter. A fundamental 
difference between the two configurations lies in the di- 
rection of droplet ejection, in that the side shooter con- 
figuration ejects droplets in the plane of the substrate 
having the heating elements, whereas the roofshooter 
ejects droplets out of the plane of the substrate having 
the heating elements and in a direction normal thereto. 

In existing thermal ink jet printing, the printhead in- 
cludes one or more ink filled channels, such as dis- 
closed in U.S. Patent No. 4,463,359, to Ayata et al. At 
one end, these channels communicate with a relatively 
small ink supply chamber. At the opposite front face end, 
the channels have an opening referred to as a nozzle. 
A thermal energy generator, for example, a resistor, is 
located in each of the channels a predetermined dis- 
tance from the nozzles. The resistors are individually ad- 
dressed with a current pulse to momentarily vaporize 
ink in the respective channels and thereby form a bub- 
ble. As the bubble grows, the ink bulges from the nozzle, 
but it is contained by the surface tension of the ink as a 
meniscus. As the bubble begins to collapse, the ink still 
in the channel between the nozzle and bubble starts to 
move towards the collapsing bubble causing a volumet- 
ric contraction of the ink at the nozzle resulting in the 
separation of the bulging ink as an ink droplet. The ac- 
celeration of the ink out of the nozzle while the bubble 
is growing provides momentum and velocity to the drop- 
let in a substantially straight line direction towards a re- 
cording medium, such as paper. 

The specific details of the separation of the ink from 
its physical surroundings, the ink channel, and the noz- 
zle orifice determine to a large extent the direction in 
which the ink will travel to the paper and thus determine 
where the mark on the paper will be made. Any micro- 



scopic irregularity that would affect the isotropy of this 
ink/orifice separation process can cause the ink to travel 
in an uncontrolled and unintended direction; not orthog- 
onal to the plane defined by the front face. This results 

5 in poor quality of the images and text that are printed on 
the paper. Such irregularities include pools of ink that 
collect around the orifice from previous jet firing. 

These pools of ink form because of hydrophilic 
characteristics of the front face of the printheads sur- 

10 rounding the printhead orifices. A typical printhead is 
made from silicon which is a high surface energy mate- 
rial and thus highly hydrophilic. If left completely uncoat- 
ed, the water and the ink would rapidly spread over the 
exposed silicon surface. The exposed front face of the 

15 printhead around the periphery of the nozzles is desir- 
ably made as strongly smooth and hydrophobic as pos- 
sible, and microscopic irregularities are thus avoided, 
by providing an ink repellent (hydrophobic) coating on 
the front face, particularly around the nozzles, that re- 

20 pels the ink that is used for the printing process. 

An ink repellent property is a quantifiable physical 
property that is commonly expressed in terms of the 
contact angle that a small ink droplet forms with this 
coating. A large contact angle of, for instance, more than 

25 90° indicates a repellent nature of the coating with the 
ink and smaller contact angles of, for instance, less than 
45° indicate that the ink will cover ("wet") the coating. 

Hydrophobic layers coated on the front face of a 
thermal ink jet printhead are known in the art. Methods 

30 for coating the front face include spraying or dip coating 
low energy hydrophobic liquids onto the front face of the 
printhead or coating a low surface energy material onto 
an intermediate substrate and then transferring that ma- 
terial onto the front face of the printhead using some 

35 combination of pressure and heat. U.S. Patents 
5,212,496 and 5,218,381 disclose these techniques. 

U.S. Patent No. 5,208,606, to Klein et al., discusses 
the use of a noble metal as a hydrophobic front face 
coating. The coating may be applied, for example, by 

40 electroplating, evaporation, sputtering, ion plating, 
chemical vapor deposition (CVD) or plasma CVD. 

U.S. Patent No. 5,073,785, to Jansen et al., disclos- 
es a process for minimizing or avoiding ink drop deflec- 
tion in ink jet devices that comprises coating the front 

45 face of ink jet head components with amorphous car- 
bon. The amorphous or diamond-like carbon layer is 
subsequently fluorinated with a fluorine-containing gas 
by plasma enhanced chemical vapor deposition 
(PECVD) to render its surface stable and hydrophobic. 

50 Another technique is to bond a thin low surface en- 
ergy polymeric film (referred to as a nozzle plate) to the 
printhead nozzle face and, using a mask, forming holes 
through the film connecting to the channels of the print- 
head. This technique is disclosed, for example, in U.S. 

55 Patent 5,378,137. 

All of the above references are hereby incorporated 
by reference. 

A remaining problem with prior art printheads is 
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that, despite the hydrophobic treatment of the front face, 
ink around the nozzles is not dispersed as efficiently as 
desired; residual ink may still interfere to some extent 
with drop directionality. 

A commercial ink jet printer, the Canon BJC 4000 
incorporates a printhead which has a unitary nozzle face 
with a hydrophobic region around the nozzles and a hy- 
drophilic region around the periphery of the front face. 
It would be desirable to provide this hybrid type of front 
face wettability with a forming process which is simple 
and inexpensive and which can be used with various 
types of printhead front face coatings. 

The invention is directed towards an ink jet print- 
head having a front face which is hydrophobic at areas 
around the periphery of the nozzles but which is hy- 
drophilic in areas adjacent to the hydrophobic areas. 

In one embodiment, the front face of the printhead 
is coated with amorphous carbon. The carbon is subse- 
quently fluorinated to reduce the surface energy chang- 
ing the wetting characteristics from hydrophilic to hydro- 
phobic. The hydrophobic coating is then patterned by 
UV laser ablation through a mask removing the coating 
from selected peripheral areas and exposing the under- 
lying high energy hydrophilic printhead face surface. 
The hydrophilicity of the exposed region can be further 
increased by ablating in the presence of a polar reactive 
gas such as ozone or chlorine. 

In another embodiment, a high surface energy pol- 
ymer film is bonded to the printhead front face and the 
exposed surface fluorinated to reduce the top surface 
energy making the surface hydrophobic. The film is then 
patterned by laser ablation through a mask removing the 
fluorinated top film surface from selected peripheral ar- 
eas to expose remaining portions of the polymer result- 
ing in hydrophobic areas around the nozzles contacting 
hydrophilic regions at the periphery enabling a wicking 
action. 

With either of the two embodiments, the nozzles 
can be formed by using a separate masking step. 

More particularly, the present invention relates to a 
method for forming the front surface of an ink jet print- 
head with hydrophobic and hydrophilic regions, the front 
surface of the printhead having a plurality of ink chan- 
nels terminating as nozzles at said surface, the method 
comprising the steps of: 

forming a thin hydrophobic film over the front sur- 
face of the printhead and 

laser ablating portions of the thin film exposing an 
underlying hydrophilic surface whereby the ex- 
posed surfaces form hydrophilic regions adjacent 
to the hydrophobic region of the non-ablated film 
adjacent the nozzles. 

The invention also relates to a method for forming 
the front surface of an ink jet printhead with hydrophobic 
and hydrophilic regions, the front surface of the print- 
head having a plurality of ink channels terminating in 



nozzles at said surface, the method comprising the 
steps of: 

roughening a surface of a hydrophilic film, 
s bonding the roughened surface to the front surface 

of the printhead, 

fluorinating the surface of the film opposite the 
roughened surface to decrease the surface energy 
and render the surface hydrophobic and 
10 laser ablating peripheral areas of the hydrophobic 
portions of the film to expose the underlying remain- 
ing portions of the hydrophilic film whereby the ex- 
posed hydrophilic surface acts as a wick to ink col- 
lected on the hydrophobic surface. 

15 

FIG. 1 is a front view of a printhead showing the 
front ink ejecting face of the printhead having hydropho- 
bic and hydrophilic regions formed by the methods of 
the present invention. 
20 FIG. 2 is a cross-sectional side view of the printhead 
of FIG. 1. 

FIG. 3 is a perspective view of the printhead of FIG. 
1 subjected to an ablating laser beam which forms the 
hydrophilic regions of the front face. 
25 FIGS. 4A, 4B are cross-sectional side views of the 
printhead of FIG. 1 showing a second embodiment of 
hydrophobic/hydrophilic regions formed on the front 
face. 

FIG. 5 is a variation of the FIG. 4 embodiment. 
30 FIG. 6 is another variation of the FIG. 4 embodi- 
ment. 

Referring now to the drawings and particularly to 
FIGS. 1 and 2 thereof, a printhead 10 is illustrated in 
accordance with the present invention. Printhead 10 in- 
35 eludes a first or upper substrate 1 2 and a second or low- 
er substrate 14. The substrates are formed of a hy- 
drophilic semiconductor material, preferably silicon. 

Upper substrate 1 2 is a channel plate having elon- 
gated V-shaped channels 16 formed in the bottom sur- 
40 face thereof by ODE techniques, for example, as dis- 
closed in U.S. Patents Re. 32,572 and 4,947,192, 
whose contents are hereby incorporated by reference. 
Lower substrate 14 is a heater plate having a plurality 
of resistive heater elements 15 formed in an upper sur- 
45 face thereof. The heater elements 15 of plate 14 corre- 
spond in number and position to the channels 16 in 
channel plate 1 2. The upper surface of the heater plate 
typically includes a polymeric insulative layer 17 which 
is patterned to form recesses exposing the individual 
50 heating elements. This polymeric insulative layer is re- 
ferred to as a "pit layer" and is sandwiched between the 
channel plate and heater plate so that the nozzle-con- 
taining front face 20 has three layers: the channel plate 
12, the pit layer 17 and the heater plate 14. For exam- 
55 pies of printheads of this construction, see U.S. Patents 
Re. 32,572 and 4,774,530, whose contents are hereby 
incorporated by reference. Of course, other means may 
be used to fabricate the elongated channels 1 6. For ex- 
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ample, they may be formed as part of the polymeric in- 
sulative layer 17. If this is the case, the channels have 
substantially rectangular cross sections. In such cases, 
the nozzle openings 1 8 may be formed by a subsequent 
dicing cut. Alternatively, the design may be such that the 
polymer channels close at the dice cut, and the nozzles 
18 may be subsequently opened by laser ablation. 

Channel plate 12 is bonded to layer 17 and heater 
plate 1 4 such that the resistive heater elements face the 
channels 16. Channels 16 define ink channels which 
communicate with an ink manifold (not shown). Once 
the channel plate and heater plate are bonded to one 
another, to achieve coplanarity along the front face of 
the printhead 10 to produce nozzles 18, a dicing action, 
for example, is performed to create separated print- 
heads. 

To avoid ink accumulation on the front face of the 
printhead adjacent the nozzles 18, a hydrophobic coat- 
ing 22, is provided on the printhead front face 20. Coat- 
ing 22 (thickness not to scale) extends across the front 
face and forms a hydrophobic region 26 around the noz- 
zles. Regions 28, 30 are portions of front face 20 which 
have been modified to increase the surface hydrophilic- 
ity by a process described below. Optionally, hydrophilic 
regions 28-30 can be modified by extending hydrophilic 
fingers 32 into hydrophobic regions 26 to enhance 
"wicking" away from the nozzles. As shown in FIG. 1, 
the hydrophilic fingers 32 may extend to regions be- 
tween adjacent nozzles. 

In a first embodiment, coating 22 is a relatively hy- 
drophilic diamond-like carbon (DLC) film fluorinated to 
render it hydrophobic using, for example, the process 
disclosed in U.S. Patent 5,073,785. The fluorinated car- 
bon is of the formula CF X , x representing the number of 
fluorine atoms. The coating has a thickness of between 
1 0-1 00 nm and preferably 50 nm. Coating 22, when first 
formed, covers the entire front face of the printhead. 
Portions of coating 22 are selectively removed by laser 
ablation through a mask as shown in FIG. 3 leaving re- 
gions 28, 30. 

Referring to FIG. 3, an optical system 27, such as 
an excimer laser with beam shaping optics, directs an 
intense, UV ablating beam of radiation onto mask 33 
which is patterned to allow light to be transmitted 
through the top and bottom segments aligned with re- 
gion 28, 30. The ablating beam removes regions 22A, 
22B of initially formed coating 22 exposing the underly- 
ing regions 28 ; 30; e.g., the exposed hydrophilic silicon 
surface of printhead face 20. According to one aspect 
of the invention, the printhead 10 is enclosed within a 
chamber 50 having an inlet 31 connected to a polar re- 
active gas source 34 such as ozone or chlorine. As a 
specific example : ozone is introduced into chamber 50 
during the laser ablation of areas 22A, 22B. It has been 
found that, following this step, the hydrophilicity of ex- 
posed regions 28, 30 is higher than before the ablation, 
thereby increasing the effectiveness of ink wicked away 
from hydrophobic areas 26. The ink disposal can be fur- 



ther enhanced by modifying the regions 28-30 to form 
the fingers 32, shown in FIG. 1 , using an appropriately 
tailored mask. 

In printhead designs where the nozzles 18 are not 

5 opened by methods such as dicing the front face, the 
nozzles can be formed by a subsequent laser ablation 
masking step as is known in the art. 

Alternatively, the FIG. 2 embodiment can have a 
coating applied to the front face, of a low surface energy 

10 material which is already strongly hydrophobic. Pre- 
ferred materials are TEFLON-like materials such as pol- 
ytetrafluoroethylene (PTFE), fluorinated ethylenepro- 
pylene copolymer (FEP), perfluorovinyla- 
Ikylethertetrafluoroethylene copolymer (PFA TEFLON), 

15 copolymers thereof, and the like. Commercially availa- 
ble TEFLON-like materials include those fluoropoly- 
mers sold under the tradename CYTOP™ and FLUO- 
RAD™. 

Once the coating is applied, laser ablation isaccom- 
20 plished as described for the fluorinated DLC film. 

In another embodiment shown in FIG. 4A ; a film 40 
approximately 1 0-75 jll thick of a high energy material is 
bonded to the printhead front face. Preferred materials 
for film 40 are polymers including polysulfones, poly- 
ps ethersulfones, polyphenylsulfones, polyimides, polycar- 
bonates, polyesters or mixtures thereof. The bottom sur- 
face 41 of film 40 is roughened to increase bonding ad- 
hesion by a very short exposure etch to a nitrous oxide 
plasma. The roughening also improves the wetting char- 
so acteristic of the film and reduces air entrapment at the 
front face - film 40 interface. The exposed surface of film 
40 is then fluorinated by the process described above 
reducing the exposed surface energy. Film 40 can then 
be characterized as having a first surface layer 42 of 
35 approximately 50 nm, which is hydrophobic, and an un- 
derlying base layer 43. 

FIG. 4B shows film 40 following a patterned laser 
ablation step which is controlled to remove fluorinated 
layer 42 from peripheral regions to expose the top sur- 
40 face of base layer 43. It will thus be appreciated that 
hydrophobic regions (surface of layer 43) are adjacent 
to hydrophilic regions (surface of layer 42) thus estab- 
lishing a wicking path for ink to wick away from the areas 
surrounding the nozzles. 
45 a variation of this embodiment shown in FIG. 5 is 
to bond film 40 to the printhead face, as shown in FIG. 
4A and coat the top surface of the film with a very thin 
hydrophobic film 45 using any of the TEFLON-like ma- 
terials listed for the FIG. 2 embodiment or forming a 
50 fluorinated CF X film on the film 40 surface. The periph- 
eral areas are again laser ablated to remove a portion 
of coating 45 (dotted line) to expose the underlying sur- 
face of film 40. 

FIG. 6 shows an alternate embodiment where only 
55 a portion of the exposed surface of film 40' is fluorinated. 
A hydrophobic layer 42' is formed, as shown, which is 
adjacent the non-fluorinated surface of the film. Thus, 
again, a hydrophobic region (fluorinated surface of layer 
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42') is adjacent a hydrophilic region (unfluorinated sur- 
face of film 40'). 

It is understood that with any of the above embod- 
iments, the narrow hydrophilic fingers 32 shown in FIG. 
1 can be added to enhance the ink wicking process. 

While the embodiments disclosed herein are pre- 
ferred, it will be appreciated from this teaching that var- 
ious alternative, modifications, variations or improve- 
ments therein may be made by those skilled in the art. 
For example, though the above description has focused 
on individual printhead die scale applications, the con- 
cept can be readily extended to assembled partial width 
and full width arrays. The laser ablation patterning could 
also be used to create other patterns, the narrow hy- 
drophilic fingers 32 being but one example. Further, 
while the hydrophobic coating is shown as covering the 
silicon nozzle face portions, it is understood that the 
coating could be extended to cover adjacent areas of 
the cartridge front face. 

As another example of possible modifications, the 
laser ablation of the thin film performed with an ozone 
chamber could be modified to ablate the bare printhead 
face surface placed in contact with ozone or other polar 
reactive gas. 

Claims 

1. A method for forming the front surface (20) of an ink 
jet printhead (10) with hydrophobic and hydrophilic 
regions (26, 28, 30), the front surface (20) of the 
printhead (10) having a plurality of inkchannels (16) 
terminating as nozzles (1 8) at said surface (20), the 
method comprising the steps of: 

forming a thin hydrophobic film (22) over the 
front surface of the printhead and 
laser ablating portions of the hydrophobic film 
(22) to expose an underlying hydrophilic sur- 
face (28, 30) whereby the exposed surfaces 
form hydrophilic regions (28, 30) adjacent to the 
hydrophobic region (26) of the non-ablated film 
adjacent the nozzles(1 8). 

2. The method of claim 1 wherein the hydrophobic film 
is a polymer selected from the group comprising 
polytetrafluoroethylene (PTFE), fluorinated ethyl- 
enepropylene copolymer (FEP), perfluorovinyla- 
Ikylethertetrafluoroethylene copolymer (PFA TE- 
FLON), copolymers thereof, and the like. 

3. The method of claim 1 , wherein a hydrophilic film is 
bonded to the front surface of the printhead, 

the exposed surface of the film is fluorinated to 
decrease the surface energy and render it hy- 
drophobic and 

peripheral areas of the hydrophobic film are la- 



ser ablated to expose the underlying remaining 
portions of the hydrophilic film whereby the ex- 
posed hydrophilic surface acts as a wick to ink 
collected on the hydrophobic surface. 

5 

4. The method of claim 3, wherein the hydrophilic film 
is a polymer selected from the group comprising 
polysulfones ; polyethersulfones, polyphenylsul- 
fones, polyimides, polycarbonates, polyesters or 

10 mixtures thereof. 

5. The method of claim 1 , wherein a hydrophilic film is 
bonded to the front surface of the printhead, 

15 the hydrophilic film is coated with a thin film of 

a low energy hydrophobic material and 
peripheral areas of the hydrophobic film are la- 
ser ablated to expose the surface of the hy- 
drophilic film whereby the exposed hydrophilic 
20 surface acts as a wick to ink collected on the 

adjacent hydrophobic surface. 

6. The method of claim 5, wherein the hydrophilic film 
is a polymer selected from the group comprising 

25 polysulfones, polyethersulfones, polyphenylsul- 
fones, polyimides, polycarbonates, polyesters or 
mixtures thereof and the low energy hydrophobic 
material is selected from the group comprising pol- 
ytetrafluoroethylene (PTFE), fluoropolymer, ethyl- 
30 enepropylene copolymer (FEP) : perfluorovinyla- 
Ikylethertetrafluoroethylene copolymer (PFA TE- 
FLON), copolymers thereof, and the like. 

7. A method for forming the front surface of an inkjet 
35 printhead with hydrophobic and hydrophilic regions, 

the front surface of the printhead having a plurality 
of ink channels terminating in nozzles at said sur- 
face, the method comprising the steps of: 

40 roughening a surface of a hydrophilic film, 

bonding the roughened surface to the front sur- 
face of the printhead, 

fluorinating a portion of the film adjacent the 
nozzles to decrease the surface energy of said 
45 portion rendering the fluorinated portion hydro- 

phobia whereby the non-fluorinated hy- 
drophilic portion of the film acts as a wick to ink 
collected on the fluorinated hydrophobic por- 
tion. 

50 

8. The method of claim 7 wherein the hydrophilic film 
is a polymer selected from the group comprising 
polysulfones ; polyethersulfones, polyphenylsul- 
fones, polyimides, polycarbonates, polyesters or 

55 mixtures thereof. 

9. An ink jet printhead having a front face with a plu- 
rality of ink channels terminating in nozzles at said 
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front face, the said front face having a hydrophobic 
region adjacent said nozzles, and a hydrophilic re- 
gion adjacent said hydrophobic region, the hy- 
drophilic region comprising a film of a hydrophilic 
material which has been fluorinated to reduce the s 
surface energy whereby the hydrophilic region acts 
to wick ink away from the hydrophobic region. 

10. The printhead of claim 9, wherein the hydrophobic 
region is a high energy material which is fluorinated 10 
to decrease the surface energy and the hydrophilic 
regions comprise the same, unfluorinated material. 

11. An ink jet printhead according to claims 9 or 10, 
wherein the said hydrophilic regions including hy- 15 
drophilic finger paths which extend into the hydro- 
phobic regions to assist wicking of the ink away from 

the nozzles. 
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